A genome-wide association study (GWAS) in the Japanese population identified 2 new Parkinson disease (PD) susceptibility loci on 1q32 (PARK16) (OMIM 613164) and BST1. We analyzed single nucleotide polymorphism (SNPs) located at the GWAS-linked loci (PARK16, PARK8, PARK1, and BST1) in a Chinese population and also conducted a meta-analysis in Asians by pooling 2 independent replication studies from Japan.
Parkinson disease (PD) (OMIM168600), a neurodegenerative disorder, is characterized by loss of dopaminergic neurons in the pars compacta of the substantia nigra. In recent years, several causative genes have been associated with PD for both familial and sporadic forms of the disease. 1 However, these mutations probably account for a small percentage of PD cases in most populations. Therefore the search for genetic susceptibility risk factors in the vast majority of PD continues to be of scientific interest. Specific to PD, genetic variants involving pathogenic genes (LRRK2 [PARK8], OMIM 607060, SYN [PARK1], OMIM 168601) and specific candidate genes have been shown to associate with the disease. [2] [3] [4] [5] [6] [7] [8] [9] To date, there have been a few PD genome-wide association studies (GWAS) in the Caucasian population. 2, 10, 11 However, their findings have not been consistently replicated. 12, 13 Among the many reasons, sample size and population stratification are some probable limitations. Recently, a GWAS study identified 2 new susceptibility loci on 1q32 (PARK16) (OMIM 613164) and BST1 (bone marrow stromal cell antigen 1) (OMIM 004334) and also associations with known pathogenic genes involved in autosomal dominant forms of parkinsonism (PARK1 on 4q22 and PARK8 on 12q12) in the Japanese population. 14 PARK1 have also been implicated as a genetic risk factor in another GWAS study using samples from subjects of European ancestry.
Moreover, the disease associations at PARK16 and PARK8 were replicated in a Caucasian replication study, using individuals of European ancestry. 15 Since Japanese and Chinese are of close Asian ancestry, we conducted a replication study of the GWAS-linked loci (PARK16, PARK8, PARK1, and BST1) in a Chinese population and also conducted a metaanalysis in Asian subjects by pooling 2 independent replication studies from Japan.
METHODS Ethnic Han Chinese subjects diagnosed with idiopathic PD by movement disorders neurologists at 2 different centers in Singapore (Singapore General Hospital and National Neuroscience Institute) were included. The diagnosis of PD was based on the UK Parkinson's Disease Society Brain Bank clinical diagnostic criteria. 16 Sporadic PD was defined as PD without a family history of disease. Controls of similar race, gender, and age from the same region as the patients with PD were also included. For controls, the age was matched Ϯ5 years to the age at onset of PD cases.
Patient consent.
The study received approval from each institutional ethics committee and all the study subjects gave written informed consent for their DNA to be used for genetic research. PD samples that had previously screened positive for pathogenic mutations in [alpha]-synuclein, Parkin, DJ-1, LRRK2, and PINK1 were not included.
Selection of SNPs.
Of the 20 SNPs from 4 genes that were reported in the GWAS study, 14 some SNPs are closely correlated (r 2 Ͼ0.8). Therefore, we only selected 13 noncorrelated SNPs (r 2 Ͻ0.8) (figure) for analysis in this study.
Genetic analysis.
Genotyping was carried out with MALDI-TOF mass spectrometry using the Sequenom MassARRAY™ system (San Diego, CA). Multiplex genotyping assays were designed using the Sequenom DESIGNER software (San Diego, CA). PCR (5 ng of genomic DNA) and primer extension reactions were carried out initially according to the Sequenom genotyping assay iPLEX™ protocol. Confirmation of the variants with sequence analysis was carried out for random samples in ABI 3730 automated DNA sequencer (Applied Biosystems).
Statistical analysis.
Statistical analyses were performed using R 2.10.1 software. 2 and Student t tests were used for comparing the categorical and continuous variables. We assessed each variant for departure from Hardy-Weinberg equilibrium. The results from pooled datasets were analyzed together and individual and pooled odds ratios and associated 95% confidence intervals were tabulated. We estimated the per-allele odds ratios using logistic regression and used Wald test to test whether the coefficients are significant. To test for association of allele frequency at each SNP with PD, we used 2 test with 1 degree of freedom. A multivariate logistic regression analysis adjusted for age and gender was performed. Stratified analysis by family history and age at onset was also carried out. Meta-analysis was performed to combine our Chinese study with 2 Japanese studies. Heterogeneity among sample sets was accessed using Woolf test. The metaanalysis was conducted using the Mantel-Haenszel method. As this is a replication study involving 4 independent loci, we made a modest correction for multiple comparisons with statistical significance defined at p Ͻ 0.01.
RESULTS

Demographics.
We studied a total of 1,349 ethnic Chinese subjects comprised of 2 casecontrol cohorts including a total of 433 patients with PD and 916 controls from 2 independent centers in Singapore. None of the patients with PD were from consanguineous families and about 3% reported a positive family history. The demographics of the study subjects are summarized in table 1.
Genotyping data. Thirteen SNPs located within the PARK16, PARK8, PARK1, and BST1 loci, which were associated with PD in the GWAS study, 14 were analyzed. The 2 case-control cohorts were analyzed together to improve the power of analysis. The frequency of all the SNPs in the studied sample followed Hardy-Weinberg equilibrium, with the exception of rs4698412 (BST1 locus), which showed a slight deviation ( p ϭ 0.022). Ten SNPs belonging to PARK16, PARK8, and PARK1 loci were found to be associated with PD (table 2) . PARK16 SNPs were associated with a decreased risk while PARK1 and PARK8 SNPs were associated with an increased risk of PD. A multivariate logistic regression analysis with disease/control group as the outcome measure and adjusting for age and gender revealed significant association with PARK16, PARK8, and PARK1 but not the BST1 locus (table 3) . Stratification by family history revealed a trend toward a stronger protective effect of SNPs at the PARK16 locus in sporadic PD compared to familial cases and in the older compared to younger subjects (table e-1 on the Neurology ® Web site at www.neurology.org). At the PARK8 locus, there was a trend toward a higher risk in familial PD compared to sporadic PD and in the older age group compared to the younger ones (stratified at age at onset Ͻ50 years or Ͻ55 years) (table e-2, A and B).
Pooled analysis of Asian subjects.
There was no heterogeneity among the Chinese and Japanese datasets except rs11931532 (BST1) (table e-3). As the frequency of the studied SNPs was similar in the Japanese and Chinese control populations, a combined analysis of previously published 2 case-control replication cohorts in Japanese 14 and our cohorts was carried out (1,366 subjects with PD and 16,669 controls). Robust association with PARK16, PARK8, and PARK1 was observed in addition to BST1 (table e-4) . DISCUSSION A PD GWAS study in an American population identified 11 SNPs using a family-based design in tier 1 and a case-control design in tier 2. 2 A consortium from 14 centers which pooled 5,526 patients with PD and 6,682 controls was unable to replicate any significant association with the PDassociated SNPs. 12 More recently, in a PD GWAS study conducted in Asia, investigators 14 identified 2 new susceptibility loci (PARK16, BST1) and also strong associations at PARK1 and PARK8, 2 known loci implicated in autosomal dominant forms of parkinsonism. In the same study, the findings were replicated in 2 Japanese cohorts. The signal at the PARK16 locus was less robust in the GWAS study in Caucasians 15 and did not surpass correction for multiple testing. However, the investigators subsequently conducted an analysis in their replication sample and found an association of SNP (rs823128) at the PARK16 locus. The minor allele frequency (3%-4%) of the implicated PARK16 SNP in Caucasians is low and this probably accounts for the relatively weaker association.
We conducted a replication study in the Chinese population. In the combined analysis of our 2 cohorts, we were able to independently demonstrate an association of PARK16, PARK8, and PARK1 loci, except for BST1. While not all the SNPs located in PARK 16 reached significant association, the trend and the effect size difference (odds ratio 0.8 to 0.9) between cases and controls was largely similar between our Chinese subjects and the Japanese subjects in the discovery GWAS sample and 2 replication Japanese cohorts. The frequency of the 13 SNPs (10%-50%) was also similar in these 2 Asian races. We observed a more robust association of the SNPs at the PARK8 and PARK1 loci. As there was no evidence of genetic heterogeneity between Chinese and Japanese at these GWAS-linked loci, we conducted a pooled evaluation of our cohorts and the 2 replication Japanese cohorts to increase the power of analysis. The pooled analysis further reaffirms the results across each independent dataset and the discovery dataset. As we did not observe any positive trend with the BST1 locus in our cohort, replication in an independent Chinese cohort is advised. Though the median age of the controls in our study was 4 years younger compared to median age at onset of 60 years in subjects with PD, multivariate analysis after taking into account the effects of age and gender revealed significant associations similar to those observed in the univariate analysis. Furthermore, comparison with a selected set of 428 controls with median age at onset of 60 years showed similar results (data not shown). Consistent and independent replication of genetic association studies remains the litmus test of the validity of the findings. While identification of susceptibility alleles is an important step, unraveling the biologic basis of their actions, if any, remains a chal-lenging task as many of these variants are not located in the coding regions. Among the identified loci, PARK16 is interesting as it contains a few candidate genes (SLC41A1, RAB7L1, NUCKS1). rs947211 is associated with transcript level of NUCKS1, 14 though Simón-Sánchez et al. 15 did not find any association of the SNPs and expression levels of the genes at PARK16, PARK8, and PARK1. The association of a lower risk with PD suggests that protective gene variants or genes are located within this region or they need interaction with unknown genes to exert their effect. It is possible that these SNPs are not the actual causative variants based on their biologic plausibility and the varied strength of their association. The original GWAS study 14 did not analyze the strength of association between familial and sporadic PD and between older and younger subjects. Despite the limitation of a smaller sample size in the subset analysis, our data revealed a consistent trend toward a stronger protective effect of SNPs at the PARK16 locus in sporadic PD compared to familial cases and in the older compared to younger subjects (table e-1). The significance of this is unclear, though it suggests that common variants at PARK16 locus may be more relevant to a general group of patients with PD. There was also a consistent trend toward a higher risk in familial PD compared to sporadic PD and in the older age group compared to the younger ones at the PARK8 locus (table e-2). As PARK8 is responsible for autosomal dominant parkinsonism and is associated with late-onset disease, this observation may not be unexpected. Since these SNPs are located from intron 2 of SLC2A13 to the upstream region of LRRK2, our finding strengthens the suggestion that these are likely to be risk variants of the LRRK2 gene.
While current evidence suggests that common genetic variants play a role in the etiology of typical PD, GWAS studies by their inherent design may not be able to detect rare variants. 9, 17 It is also possible that cases selected for GWAS studies may not be particularly enriched with genetic susceptibility alleles, and other compounding factors like reduced penetrance of PD genes and gene-environmental interaction were unaccounted for. Thus multiple approaches including linkage analysis, sequencing, and sibpair analysis would be needed to uncover additional variants/causative genes and susceptibility loci.
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